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ABSTRACT: Understanding the extent to which climate has varied in the past is a prerequisite to
assessing current trends. In this study, we present a 225 yr tree-ring width record of Qinghai
spruce Picea crassifolia from a mesic site in the eastern Qilian Mountains of northwest China. This
tree-ring record showed significant positive correlations (p < 0.05) with temperature for most
months from the preceding May to the current September, but none with precipitation or the
Palmer Drought Severity Index. Based on the correlation relationships, we developed a regression
model to reconstruct the average July temperatures over the period AD 1785−2009, which
accounted for 45% of the observed temperature variation during the calibration period
(1957−2009). This is the first tree-ring based temperature reconstruction in the eastern Qilian
Mountains. The reconstruction indicated a warming trend that began around 1900 and continued
through the late 20th century. Eight of the 10 warmest years were recorded during the period
1990−2009. The longest cool period occurred in 1894−1916. Comparisons of our reconstruction
with other independent tree-ring based temperature reconstructions from the northeastern
Tibetan Plateau suggest coherent variance patterns in these warm season temperature reconstructions regardless of the positive or negative correlation relationships between tree-ring
records and temperatures. The results of comparisons also indicated that the warm season temperature variances lag behind the winter temperature variability by about 20 yr in this region.
KEY WORDS: Tree-ring · Temperature reconstruction · Warming trend · Picea crassifolia ·
Northwest China
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Global mean surface temperature has increased
significantly during the past several decades, accompanied by high atmospheric CO2 concentrations
(IPCC 2013). To understand whether the recent
warming is unusual and can be attributed to anthropogenic activities, it is necessary to place the recent
changes into a long-term climatic context. Paleoclimate reconstructions have been carried out in
many areas of the world as they can supply information on past climate variations via paleoclimatic ar-

chives, such as tree-ring records. However, differences can be expected among regions because some
areas are warming dramatically (Vaughan et al.
2003), while others exhibit no trend or show cooling (Doran et al. 2002, Easterling & Wehner 2009).
Therefore, regional climate variation research is
essential for improving our understanding of recent
climate change as well as providing basal data for
large-scale climate change studies.
The Qilian Mountains are located at the northeastern
margin of the Tibetan Plateau in northwest China.
The region is characterized by low precipitation and
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relatively high mountainous terrain. As the
harsh climatic conditions limit tree growth
rates, numerous old trees have been found
here. Many dendroclimatic studies based
on the tree-ring materials have been conducted in the region (e.g. Liu et al. 2010,
Yang et al. 2011, Deng et al. 2013). However, most previous studies focused on precipitation, Palmer Drought Severity Index
(PDSI), or streamflow reconstructions (e.g.
Fang et al. 2009, Sun & Liu 2012, Chen et al.
2013). Several attempts to reconstruct past
temperature variations for the northeastern
Tibetan Plateau have been made based on
the inverse relationships between tree-ring
chronologies and temperature (Tian et al.
2009, Chen et al. 2012). However, tree-ring
records which are positively correlated with
Fig. 1. Study region showing the study site (NDA, red triangle) and
temperatures are still scarce in this region
nearby meteorological stations (Yongchang, Qilian, and Menyuan,
black dots) and Palmer Drought Severity Index (PDSI) grid (black
(Gou et al. 2007, Zhu et al. 2008). The
square). Dotted white lines: mean annual precipitation (100 mm yr−1
directly correlated effects of temperature
contours) estimated by the Tropical Rainfall Measuring Mission (TRMM)
on tree growth (e.g. direct temperature efsatellite for the period 1998−2012 (Huffman et al. 2007)
fects on physiological processes and photosynthetic rates) are likely to produce a more
reliable expression of past temperature variability
arid climate zones occurs. Seasonal climate variation
compared to inversely correlated temperature effects
here is influenced by the East Asian monsoon, the
on growth, which are more likely related to moisture
westerly circulation, and the Siberian High (Wang et
stress (Cook et al. 2013a). To clarify this and to proal. 2006). The precipitation contour lines in Fig. 1
vide a new climatic record, we looked for tree-ring
show a sharp north to south precipitation gradient
records from a region in the eastern Qilian Mounfrom < 200 mm to > 500 mm per annum. The nearest
tains where drought is less common and a trend in
3 meteorological stations to our sampling site are
rising temperature would generally favor increased
Qilian, Menyuan, and Yongchang stations. The Qilrather than decreased tree growth.
ian and Menyuan stations are situated in the mounOur objective in this study was to present the
tainous area, while the Yongchang station lies outfirst tree-ring based temperature reconstruction using
side the mountainous region (Fig. 1). The annual
Qinghai spruce ring-width data from the eastern
average temperatures from AD 1957−2009 were 0.8°C
Qilian Mountains. We also examined whether there
for the Qilian station and 1.0°C for the Menyuan
is any difference between positive and negative
station, and the mean annual total precipitation for
correlation based temperature reconstructions by
these stations was 525 mm and 406 mm, respectively.
comparing the resulting reconstruction with indeIn contrast, the climatic conditions at the Yongchang
pendently derived tree-ring based temperature restation (1959−2009) are warmer and drier, with a
constructions. Additionally, we examined the feamean annual temperature of 5.1°C and a mean
tures of temperature variability in different seasons
annual total precipitation of 201 mm. Thus the cliin the study area.
matic conditions are notably divergent in different
parts of the eastern Qilian Mountains. Our sampling
site is close to the regional rainfall center, with an2. DATA AND METHODS
nual total precipitation at about 500 mm (Fig. 1). The
temperature and precipitation in this region follow a
2.1. Study area
strong seasonal pattern, with the highest temperatures and most of the precipitation recorded during
The study area is situated in the Shiyang River
the summer. The peaks for temperature and precipibasin in the eastern part of the Qilian Mountains
tation are generally in July (Fig. 2). The dominant
(Fig. 1), where the transition between semi-arid and
tree is Qinghai spruce, which generally grows on
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Fig. 2. (a) Monthly mean temperature (T, lines) and total precipitation (1957−2009; P, bars) from the Qilian (QL) and Menyuan
(MY) meteorological stations, and the combined climate data (CB) from these 2 stations. (b,c) Time series plots of (b) mean
annual temperature and (c) precipitation for the period 1957−2009 from Qilian, Menyuan, and combined climate data

shaded slopes. Salix oritrepha C.K. Schneid., Caragana jubata (Pall.) Poir, and Potentilla fruticosa are
common shrubs growing in light gaps, while Stipa
bungeana Trin. and S. breviflora Griseb are the most
common grasses and Achnatherum splendens (Trin.)
Nevski is the most common herb growing under
forest cover (Cheng et al. 2004).

2.2. Tree-ring data
We collected tree ring samples from a Qinghai
spruce forest ranging in elevation from 3190 to 3210 m
a.s.l. The sampling site (hereafter NDA) is situated
on a gentle slope with relatively deep soils. This site
represents an open mono-species stand of Qinghai
spruce with prevailing old trees and low competitive
effects. One or 2 increment cores were extracted at
breast height (approximately 1.3 m above ground
level) from each individual tree, and a total of 52 increment cores from 27 trees were collected. All samples were taken to the laboratory and processed according to standard techniques of dendrochronology
(Stokes & Smiley 1968). Cores were first air-dried,
mounted, and sanded. The tree-ring series were then
dated under the microscope with visual cross-dating.
Finally, ring-widths were measured using the Velmex
measuring system with a precision of 0.001 mm. The
quality of cross-dating was further checked using the
TSAP and COFECHA programs (Holmes 1983, Rinn
2003). The cross-dating results suggested no absent
rings, and the interannual variation for these tree-ring
series was very consistent, with a mean series intercorrelation of 0.65. As a result of the good cross correlations, all of the ring-width series were utilized to
develop the final chronology.

To eliminate the age-related trends in the raw ringwidth series as well as to preserve low-frequency
signals, conventional straight lines or negative exponential curves were applied for detrending. The
tree-ring indices were calculated as ratios between
ring-width measurements and the curve-fitted values. The signal-free version of the computer program
ARSTAN was used to calculate tree-ring chronology
(Cook et al. 2013b) (Fig. 3a). Signal-free methods are
useful for mitigating trend distortion in conservative
standardization methods, as the medium-frequency
variance in the common climate-related forcing of
tree growth can bias the removal of supposed ‘nonclimate’ variance (Melvin & Briffa 2008).

2.3. Climate data
The monthly precipitation and mean temperature
data from the Qilian and Menyuan meteorological
stations were used in this study, as these 2 stations
are close to our sampling site, and the elevations and
climatic conditions are similar to those at the sampling site (Table 1). Considering that some tree-ring
records are more sensitive to PDSI variation than to
precipitation (e.g. Fang et al. 2009, Deng et al. 2013,
Gao et al. 2013a), we also calculated the correlations of tree-ring chronology with the nearest PDSI
grid data (38° 45’ N, 101° 15’ E, 1957−2009, Dai et al.
2004). Fig. 2 shows the monthly mean temperatures
and total precipitation and the associated interannual
variability for the period 1957−2009. Due to their
close geographic proximity, the temperature and
precipitation data from the 2 stations were combined
into 1 series to represent the regional climatic conditions. To minimize the effect of differing means and
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Fig. 3. (a) Ring-width chronology (black line) and sample
size (number of cores, grey
area). Tree-ring indices were
calculated as ratios between
ring-width measurements and
the curve-fitted values. Horizontal dashed line: mean treering index, 1766−2009; vertical dashed line: first year of
expressed population signal
(EPS) > 0.85. (b) Inter-series
correlation coefficient (RBAR)
and EPS with 51 yr window
running and 1 yr step

Table 1. Location, elevation, and time span of the data
record for the study site (slope: 20−30°; aspect: northeast;
trees sampled: 27; cores: 52) and nearest meteorological
stations and Palmer Drought Severity Index (PDSI) grid
Site
Study site

Coordinates

Elevation (m) Time span

37° 56’ 51‘’ N,
101° 21’ 41’’ E

3190−3210

1766−2009

Qilian station

38° 11’ N,
100° 15’ E

2787

1957−2009

Menyuan
station

37° 23’ N,
101° 37’ E

2850

1957−2009

PDSI

38° 45’ N,
101° 15’ E

1957–2009

variances in the 2 records, the climate data were
z-transformed before averaging. Both the mean and
variance of the new series were converted back to
the averaged values of means and standard deviations of the original monthly series (Jones & Hulme
1996). The variation patterns between the combined
climate data and the original climate records are very
consistent, suggesting an apparent warming trend
over the past 20 yr (Fig. 2). We used the combined
climate data for further analyses.

gested to be a reasonable level (Wigley et al. 1984).
Pearson correlation analyses between tree-ring chronology and climate data were applied to identify the
climate−growth relationships. To account for conditions in the previous year, we calculated the correlations between the tree-ring chronology and monthly
mean temperatures, precipitation and PDSI for an
18 mo period, starting with the previous May and
extending to October in the year when the last cells
in a selected growth ring were formed. A split-period
calibration and verification method was applied to
evaluate the regression model for reconstruction
(Cook & Kairiukstis 1990). The strength of calibrations during the verification period was evaluated
via the variance explained (R2), sign test, F-test, reduction of error (RE), and the coefficient of efficiency
(CE) statistics, whereby positive RE and CE values
indicate a robust verification (Fritts 1976). Multitaper method (MTM) spectral analysis was used to
evaluate the periodic features of the reconstruction
(Mann & Lees 1996).

3. RESULTS
3.1. Correlations between tree-ring chronology
and climate variables

2.4. Methods of reconstruction and analysis
The expressed population signal (EPS) and mean
inter-series correlation coefficient (RBAR) with a
51 yr window running and 50 yr overlaps between
adjacent windows were computed to assess the common signal representativeness of the chronology
(Fig. 3b). The EPS was also used as a measure of sufficient sample replication where 0.85 has been sug-

Fig. 4 shows the correlations between tree-ring
chronology and climate variables (mean temperature,
precipitation, and PDSI) for the period 1957−2009.
There were consistent positive correlations with temperature for both the previous and current year, with
significant (p < 0.05) correlations in the growing season (May−September, excepting the preceding August). Positive correlations with winter temperatures
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3.2. July temperature reconstruction since 1785
Based on the high correlation between treering chronology and July temperature, we developed a linear regression model for July temperature reconstruction:
TJuly = 2.877 × Xt + 9.236

(1)

where TJuly is the mean temperature in July and
Xt is the tree-ring width index for that year. The
correlation coefficient of the regression function
is 0.67 (n = 53, p < 0.01). The reconstructed temperatures account for 44.8% (the adjusted explained variance R2adj = 43.7%, F = 41.35) of the
instrumental temperature variances over the
calibration period 1957−2009. The standard
deviations for the observed and reconstructed
temperatures over 1957−2009 are 0.91 and 0.61,
respectively. Comparisons between the reconstructed and observed July mean temperature
suggest that the reconstructed temperature patterns were closely in agreement with those
measured for the past several decades at both
decadal and annual time steps (Fig. 5a). The
split-period calibration and verification results
(Table 2) indicated that the correlation coefficients were relatively high, and the sign tests
were all statistically significant at the 0.05 level
Fig. 4. Correlations between tree-ring chronology and (a) monthly for both periods. The values of RE and CE were
mean temperature and (b) monthly precipitation and Palmer Drought also positive for both periods. These results conSeverity Index (PDSI) from May in the previous year (pMay) to firm that the regression model is good enough
October in the current growth year (Oct) for the period 1957−2009.
for reconstruction. By calculating the running
Horizontal dashed lines: 95% (short dash) and 99% (medium dash)
levels of significance. Note differences in y-axis scales between panels correlations between tree-ring chronology and
July temperatures (not shown), we confirmed
(November−January) were also significant (p < 0.05).
that the climate-growth relationships were stable
The strongest correlation was with current July temover the calibration-verification period.
perature (r = 0.67, p < 0.01). Except for the preceding
Fig. 5b presents the reconstructed July mean temDecember, there were no significant (p < 0.05) correperature based on the linear regression model
lations between tree-ring chronologies and precipita(Eq. 1) and the 10 yr low-pass filter curve over the
tion. Furthermore, the correlations with PDSI were
period 1785−2009. The mean ± SD July temperature
consistently negative but not significant (p < 0.05) for
for this period is estimated at 12.1 ± 0.55°C. The 10
the previous and current growing year. Overall, the
highest temperature years in July over the past
correlations between tree-ring chronology and cli225 yr were 1969, 1970, 1996, 1998, 1999, 2000,
mate variables indicate that tree growth at the study
2001, 2007, 2008, and 2009, and the 10 coldest years
site is primarily a response to temperature variance,
in July occurred in 1862, 1897, 1898, 1899, 1900,
and there were no significant correlations with pre1901, 1903, 1904, 1928, and 1932. From these anacipitation and PDSI. We also calculated the correlalyses, the 1890s and early 1900s were extremely
tions between tree-ring chronology and the temperacold compared to the long-term average, while the
tures of various seasons. The highest correlation
warmest temperatures have all occurred in the last
coefficient with seasonal temperature was found from
2 decades. If we define a warm or cool period as one
June−July (r = 0.605), which is much lower than that
with a continually higher or lower filtered value
of July (r = 0.669). Therefore, we decided to reconover a decade from the mean filtered curve, there
struct the July temperature in this study.
were 5 warm and 6 cool periods over the past 225 yr.
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3.3. Spectral analyses
The MTM spectral analysis (Mann
& Lees 1996) was performed to
evaluate the main spectral properties of the reconstructed temperature time series for the period
1785−2009 (Fig. 6). There were several significant (p < 0.05) interannual and interdecadal cycles in the
temperature variability during the
past 225 yr. The significant (p <
0.05) interannual power peaks at
2.1−3.8 yr fall within the range of El
Niño-Southern Oscillation (ENSO)
variability (Li et al. 2011). The spectral peak at 46.5 yr was also significant at the 0.05 level.
Fig. 5. (a) Comparison of observed (solid line) and reconstructed (dashed line)
July mean temperature for the calibration period over the period 1957−2009. (b)
July mean temperature reconstruction (blue line) and the value using a decadal
low-pass filter (red line) for 1785−2009. Horizontal dashed line represents the
mean of reconstructed temperature over the past 225 yr. The bias dashed line is
the trend line of reconstructed temperature over 1900−2009 to highlight the
temperature increase during the recent century

4. DISCUSSION
4.1. Climate−growth relationships

An array of tree-ring records
from the northeastern Tibetan PlaTable 2. Calibration and verification statistics for the July mean temperature
teau shows positive correlations
reconstruction model. ST: signal test; RE: reduction of error; CE: coefficient of
with precipitation or PDSI, as well
efficiency. Asterisks indicate confidence levels (**99%; *95%)
as negative correlations with temperature. Based on these tree-ring
Calibration
Verification
records, a number of hydroclimate
Period
r
R2
F
Period
r
RE
CE
ST
reconstructions have been presented for this area (e.g. Liang et al.
1957−1980 0.596 0.355 12.12** 1981−2009 0.681 0.454 0.221 17+/6−*
2009, Qin et al. 2010, Shao et al.
1981−2009 0.681 0.474 25.23** 1957−1980 0.596 0.442 0.027 24+/6−**
1957−2009 0.669 0.448 41.35**
2010, Fang et al. 2011, Gou et al.
2014). The tree growth response to
hydroclimatic variability is closely
The 5 warm periods occurred in: 1822−1831,
related to xeric conditions in the inland arid region.
1867−1880, 1917−1926, 1964−1974, and 1990−2009,
Additionally, there are also some tree-ring based
while the 6 cool periods were: 1788−1803, 1832−
temperature reconstructions in this region based on
1850, 1854−1866, 1894−1916, 1927−1943, and 1975−
the inverse correlations between tree-ring records
1989. Since the early 1900s, our reconstruction shows
and temperature. The inverse correlations between
a linear increase in July temperature with a slope
tree-ring records and temperature actually reveal the
of 0.13°C decade−1. Between 1990 and 2000, the
indirectly correlated effects of temperature on tree
rate was 1.47°C decade−1, after which the rate of
growth, which are most likely related to increased
increase declined slightly. The increasing trend of
moisture stress from evapotranspiration due to higher
temperature was reflected by the instrumental
temperature (Tian et al. 2009, Gao et al. 2013b).
records over the past 5 decades with a warming rate
Therefore, most of the tree-ring records from the
of 0.28°C decade−1 (Fig. 2b), which is slightly higher
northeastern Tibetan Plateau show responses to the
than our reconstruction. The rate of temperature indrought or hydroclimatic variations.
crease from the instrumental records for 1990−2000
In contrast, the tree-ring record in this study shows
was 1.84°C decade−1, which is also higher than that
strong positive correlations with temperatures and
of our reconstruction.
no significant (p < 0.05) correlations with precipita-
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and then compared the warm season
temperature reconstructions with the
winter temperature reconstructions.
The warm season temperature reconstructions used in this study for comparisons are the maximum summer
half-year (April−September) temperature reconstruction over the past 700 yr
using 3 tree-ring chronologies from
the Ayemaqin Mountains (Gou et al.
2008a) and the maximum temperature
reconstruction (1550−2002) from April
through June based on 2 tree-ring
series in the southern Qinghai plateau
(Qin et al. 2003) (Fig. 7a). The winter
temperature reconstructions are the
Fig. 6. Spectral analysis using the multi-taper method (MTM), which was per- minimum winter half-year (October−
formed to evaluate the main spectral properties of the reconstructed July tem- April) temperature reconstruction for
perature for the period 1785−2009. Values (1/x-axis values) above the dashed the past 425 yr in the Xiqing Mounline are significant at the 95% confidence level
tains (Gou et al. 2007); the temperature
reconstruction from December through
tion (except the preceding December) and PDSI.
April based on tree-ring width and stable carbon
These results are closely related to the special reisotope chronologies in the central Qilian Mountains
gional climatic conditions at the study site. The study
(Liu et al. 2007); and the millennial temperature
site is located near a regional rainfall center in the
reconstruction from September through April in the
eastern part of the Qilian Mountains, with a total
Wulan area (Zhu et al. 2008) (Fig. 7b). All temperaannual precipitation of > 500 mm. Therefore, precipiture reconstruction series were z-transformed and
tation is likely sufficient here to prevent moisture
smoothed with an 11 yr fast Fourier transform.
stress to tree growth. In certain regions with suffiFig. 7a shows the comparisons of our reconstruccient precipitation and/or very high elevations (Zhu
tion with 2 other warm season temperature reconet al. 2008, Zhang et al. 2014), tree-ring records are
structions. The 3 reconstructed temperature series
positively correlated with temperature, and can be
present similar patterns, even though the reconused to develop reliable temperature reconstructions.
structions derived from Gou et al. (2008a) and Qin et
al. (2003) were based on the negative correlations
between tree growth and temperature. Cooling peri4.2. Comparisons with other tree-ring based
ods were found in all 3 reconstructions in the early
temperature reconstructions
19th century, the late 19th century to the early 20th
century, and the 1960s−1970s. Relatively warm periWe compared our temperature reconstruction with
ods occurred in the 1820s−1830s, 1920s−1930s, and
other tree-ring based temperature reconstructions
1950s, as well as the strikingly warming trend since
from the northeastern Tibetan Plateau (Fig. 7). The
the 1980s. The winter temperature reconstructions
temperature reconstructions from this region are few
also displayed similar patterns (Fig. 7b), with relaand can be summarized by 2 types: (1) warm season
tively warm intervals in the 1800s, 1900s, and since
temperature reconstructions based on the inverse
the 1980s, and pronounced cooling periods in the
relationships between tree-ring chronologies and
1820s and 1920s. Additionally, the temperature rewarm season temperatures (Qin et al. 2003, Gou et
constructions from Liu et al. (2007) and Zhu et al.
al. 2008a), and (2) winter temperature reconstruc(2008) recorded another relatively warm period in
tions based on the positive correlations between treethe 1940s.
ring records and winter temperatures (Gou et al.
The temperature reconstruction in this study indi2007, Liu et al. 2007, Zhu et al. 2008). As our July
cated relatively cold conditions in the eastern Qilian
mean temperature reconstruction belongs to the
Mountains during the 1890s−1900s and the 1970s−
warm season, we compared our reconstruction with
1980s. These 2 cold periods were also indicated by
other warm season temperature reconstructions first,
tree-ring records from the western loess plateau in
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Fig. 7. Comparisons of temperature
reconstructions (warm season and
winter) from the northeastern Tibetan
Plateau. All series were normalized
and smoothed with an 11 yr fast
Fourier transform function. (a) Warm
season maximum temperature reconstructions representing April−September (Gou et al. 2008a), April−July
maximum temperature reconstructions
(Qin et al. 2003), and the July mean
temperature reconstruction (this study).
(b) Winter temperature reconstructions extending from October in the
previous year to April in the current
growth year for the minimum temperature (Gou et al. 2007), from the
preceding December to current April
for the mean temperature (Liu et al.
2007), and from the preceding September to current April for the mean
temperature (Zhu et al. 2008). Note
differences in x-axis scales between
panels

China (Song et al. 2014). The records suggested that
these 2 cold periods coincide with the sun activity
minimum during 1880−1900 and a slight decrease of
sun activity over 1940−1970. Another obvious feature
indicated by our temperature reconstruction is that
there has been an apparent warming trend since 1900
(Fig. 5), which is also indicated by other tree-ring
based temperature reconstructions in China, such as
on the northeastern Tibetan Plateau (Liu et al. 2009),
the central plains of China (Liu et al. 2014), the southeastern Tibetan Plateau (Deng et al. 2014), and the
southeastern areas of China (Duan et al. 2013). Additionally, the 20th century warming in China corresponds closely with the warming recorded by some
Northern Hemisphere temperature reconstructions
(e.g. D’Arrigo et al. 2006). Under global warming,
recent temperature increases in many regions of
China have been demonstrated by instrumental
records and tree-ring records, which is an important
feature of current climate change.

4.3. Asymmetric variability between winter and
warm season temperatures
By comparing the warm season temperature reconstructions with the winter temperature reconstructions (Fig. 7), we found that the variation patterns of
warm season temperatures and winter temperatures
were out of phase, with the winter temperature variations pulling ahead of the warm season temperature
by about 20 yr. In a previous study, Gou et al. (2008b)

found asymmetric variability between the summer
maximum temperatures and the winter minimum
temperatures on the basis of 2 tree-ring records from
the northeastern Tibetan Plateau. They concluded
that the winter minimum temperatures vary about
25 yr earlier compared to the summer maximum temperatures. Here, based on 6 tree-ring records from the
northeastern Tibetan Plateau region, we confirm the
asymmetric variability between winter and warm season temperatures in this area. In our study, the lag
time between winter temperatures and warm season
temperature differed slightly from that reported by
Gou et al. (2008b), which is closely related with the
steps for curve smoothing. In general, the warm season temperature reconstructions from the northeastern Tibetan Plateau region indicated broad spatial
correspondence. Moreover, the warm season temperature variability apparently lagged behind the winter
temperature changes by about 20 yr. Future studies
based on more temperature records are needed to
further demonstrate the offset relationships between
winter and warm season temperature variances in
this area.

5. CONCLUSIONS
Most tree-ring records from the arid and semiarid
regions in northwestern China show responses to
moisture variation, except for few sampled from
high-elevation or humid sites. Here, we present the
first tree-ring based July mean temperature recon-
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struction from Qinghai spruce over the period 1785−
2009 in the eastern Qilian Mountains. The reconstruction indicated an apparent warming trend since
the 1900s, which was also recorded by other treering based temperature reconstructions from China.
There were no obvious differences in the temperature reconstructions based on positive or inverse
relationships between tree growth and temperatures.
The warm season temperature reconstructions lagged
behind the winter temperature reconstructions by
about 20 yr in the northeastern Tibetan Plateau.
However, the potential mechanisms of temperature
variability in this area are still unclear, and more
tree-ring based temperature reconstructions and
analyses are needed to clarify them.
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